The G604S-hERG mutation alters the biophysical properties and exerts a dominant-negative effect on expression of hERG channels in HEK293 cells.
We have recently identified a missense mutation, G604S, in the human ether-a-go-go related gene (hERG) that results in a malignant phenotype in a full pedigree of a Chinese congenital long QT syndrome (LQTS) family. The present study characterized the pathophysiological consequences of the mutation at the cellular level. Mutant G604S-hERG channels were expressed in HEK293 cells using a lipofectamine method. hERG currents were recorded using the voltage clamp technique. The expression of hERG protein was detected by Western blotting, and the subcellular location of hERG channels in cell was analyzed by confocal microscopy. We found that the G604S mutation did not lead to any expression of detectable currents, which was consistent with Western blotting analysis that the G604S-hERG mutation only expressed a band at 135 kDa. When coexpressed with wild-type (WT)-hERG, G604S-hERG exhibited strong dominant-negative current suppression resulting in decreased current density and altered gating properties of the WT-hERG channel, as well as interference with the trafficking of WT-hERG channel protein. In addition, confocal microscopy demonstrated that G604S-hERG subunits could be inserted into the cell membrane when forming heteromultimeric channels with WT-hERG channel subunits. Our results suggest that G604S mutation causes a loss of function in hERG through a strong dominant-negative effect on WT-hERG channel function that caused by impaired trafficking of WT-hERG channels, and further accentuates this suppression by forming heteromultimeric functional channels with WT-hERG subunits.